This paper reports a new route for production of [190][191][192][193] Au radionuclides from nat W target. For the first time the production cross section of 11 B induced reactions on tungsten for production of [190][191][192][193] Au were measured up to 63 MeV boron energy. High cross section was observed for 190,192 Au at the highest energy where as 191,193 Au showed moderate cross section values. The experimentally obtained cross sections were compared with the predictions of the PACE4 and
Introduction
In recent times, interest towards exploring auger emitters in medical science has gained momentum. Auger electrons having small range offers cytotoxicity only when incorporated in the cell's DNA or in the immediate vicinity of the nucleus of a cell. The low energy auger electrons allow targeted therapy in DNA level. 198 Au mainly produced from reactors has been vastly explored as a therapeutic radionuclide [1] but on the other hand, the much less explored neutron deficient radionuclides of Au also offer suitable nuclear characteristics such as half lives, decay modes, high intensity auger electrons for their clinical applications.
Earlier lighter projectiles such as 1 H, 2 H or 4 He particles were used for the production of [190] [191] [192] [193] Au radioisotopes. Takács et al [2] produced [191] [192] [193] [194] [195] [196] Au radioisotopes from α-particle irradiated iridium target and studied the excitation function of (α,xn) reaction upto 50 MeV projectile energy. However, production of Au radionuclides from Ir was studied along with several co-produced radioisotopes and the paper mainly focussed on the production of MeV projectile energy [5] . It was found that the cross section was higher for proton induced reactions than deuteron induced ones. But both these papers reported the production of Au along with various other radioisotopes. Indirect production routes of [190] [191] [192] [193] Au through spallation reaction on thick cylindrical Pb target by 660 MeV protons (10 13 protons/s) or as a decay product of Hg isotopes were also reported by Majerle et al. [6] . Several radionuclides were also co-produced along with [190] [191] [192] [193] Au radionuclides.
For last two decades our laboratory made pioneering contribution on developing the neutrondeficient isotope production route by heavy ion activation. A concise literature can be found in reference [7] . For example, in the context of gold radionuclide production, our laboratory reported production of 192, 193 Au as daughter product of 192, 193 Hg which was produced by irradiating tantalum target with 95 MeV 16 O beam. However, they did not measure the corresponding excitation function [8] . In the present work, an attempt has been made to systematically measure the production cross section of nat W( 11 B,xn) reaction upto 63 MeV projectile energy and investigate an alternate production route of the [190] [191] [192] [193] Au radionuclides.
This is the first report on use of boron beam to produce NCA Au radioisotopes. Interestingly it was found that this production route selectively produced only Au radioisotopes without any radioisotope of other elements. was not used in this experiment to avoid any energy spread [9] . The exit energy of the projectile was calculated by the software SRIM [10] . The irradiation details are mentioned in Table 1 . The incident beam was well-collimated on the target holder and the total charge of the incident particle was measured with the help of Faraday cup placed at the rear end of the target in conjunction with a current integrator (Danfysik). Series of γ-spectra were taken in a p-type HPGe detector of 2.35 keV resolution at 1.33 MeV. The sample to detector distance was ~10 cm. The radionuclides were identified from their corresponding photo peaks and decay data. The energy and efficiency calibration of the detector were performed using 152 Eu (T1/2=13.3 a) standard source of known activity.
Experimental

2.1
Measurement of experimental cross section:
The production cross sections of nat W( 11 B,xn) [190] [191] [192] [193] Au reaction was measured as a function of 11 B incident energy by using the following activation equation:
Where, A= Activity (Bq) of a particular radionuclide at EOB σ(E)= cross section of production of the radionuclide at incident energy E [190] [191] [192] [193] Au radioisotopes (Figure 1 ). The nuclear characteristics of each of the produced radioisotope have been shown in Table 2 .
Absence of characteristic photopeaks of radioisotope of any other elements makes this production route specific for the Au radioisotopes. The characteristic gamma lines were used in the evaluation of yield at EOB for each investigated radionuclides. Attempts were made to identify the production pathways mentioned in Table 2 responsible ( 
Cross sections of nat W( 11 B,xn) reaction
The measured experimental cross section data is shown in Figure 3 
Conclusion
Use of positron emitters in PET and alpha emitters in therapy is well established. It would also be of significance to exploit the tremendous potential of auger electrons for short range targeted therapy. This report offers a feasible production pathway for the no-carrier-added [190] [191] [192] [193] Au radioisotopes which are high intensity auger emitters. Moderate production yield has been observed via this production pathway. 
Table1. Irradiation details
